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INTERACTIVE PRODUCT CONFIGURATOR
THAT ALLOWS MODIFICATION TO
AUTOMATED SELECTIONS

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/087,254, filed Aug. 8, 2008.

FIELD OF THE INVENTION

One embodiment 1s directed generally to computer inter-
action, and 1n particular to an interactive product configurator.

BACKGROUND INFORMATION

Many current products and services can be customized by
a user/customer before being purchased. For example, com-
puter systems typically imnclude many possible options and
configurations that can be specifically selected or configured
by the customer. Other examples of highly configurable prod-
ucts and services include telephone switching systems, air-
planes, automobiles, mobile telephone services, mmsurance
policies, and computer software.

Product and service providers typically provide a “product
configurator” that allows a customer or sales engineer to
interact with a computer 1n order to customize and configure
a solution by selecting among optional choices. Some known
product configurators are constraint based. For these configu-
rators, constraints are enforced between optional choices,

allowing the user to select the choices they want, while vali-
dating that the resulting set of user choices 1s valid.

SUMMARY OF THE INVENTION

One embodiment 1s a product configurator that includes a
constraint based network that includes a plurality of nodes.
The configurator receives one or more user selections and
generates one or more automatic selections to form a coms-
plete configuration. The configurator recetves a request to
change the configuration after forming the complete configu-
ration, and retracts the automatic selections. For each of the

retracted automatic selections, the configurator determines 11

the retracted automatic selection 1s a configuration-defining,
selection and reasserts the configuration-defining selections.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11sablock diagram of a system that can implement an
embodiment of the present invention.

FIG. 2 1s a flow diagram of the functionality of a product
configurator when a user makes a choice when interacting
with a configurator model in accordance with one embodi-
ment.

FIG. 3 illustrates the functionality of FIG. 2 when a user
choice 1s received 1n accordance with one embodiment.

FIG. 4 1s a state diagram that 1llustrates the three states of

operation for the product configurator in accordance with one
embodiment.

FI1G. 5 15 a flow diagram of the functionality of the product
configurator when 1t retracts only non-configuration-defining
clements 1n solution adjustment mode.

FIG. 6 illustrates an example of the functionality of the
product configurator when 1t retracts only non-configuration-
defining elements in solution adjustment mode 1n accordance
with one embodiment.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 7 1s a user interface 1n accordance with one embodi-
ment that presents contlicts to the user and distinguishes

between retained automatic selections and actual user deci-
S101S.

FIG. 81s a block diagram of a queue 1n accordance with one
embodiment.

FIG. 9 1s tlow diagram of the functionality of the product
configurator when 1t retracts and reasserts retained auto-se-
lections 1n accordance with one embodiment.

FIG. 10 1llustrates an example of the functionality of the
product configurator when exiting the solution adjustment
mode and reentering the auto-completion mode 1 accor-
dance with one embodiment.

DETAILED DESCRIPTION

One embodiment 1s a constraint based interactive configu-
rator that can auto-complete a configuration by automatically
making decisions to reach a valid and complete configuration
state. The configurator further allows a user to incrementally
modily the auto-complete decisions without producing
undesired contlicts and while maintaining as much decision
consistency as possible.

FIG. 11s ablock diagram of a system 10 that can implement
an embodiment of the present invention. System 10 includes
a bus 12 or other communication mechanism for communi-
cating information, and a processor 22 coupled to bus 12 for
processing information. Processor 22 may be any type of
general or specific purpose processor. System 10 further
includes a memory 14 for storing information and instruc-
tions to be executed by processor 22. Memory 14 can be
comprised of any combination of random access memory
(“RAM”), read only memory (“ROM”), static storage such as
a magnetic or optical disk, or any other type of computer
readable media. System 10 further includes a communication
device 20, such as a network interface card, to provide access
to a network. Therefore, a user may interface with system 10
directly, or remotely through a network or any other method.

Computer readable media may be any available media that
can be accessed by processor 22 and includes both volatile
and nonvolatile media, removable and non-removable media,
and communication media. Communication media may
include computer readable instructions, data structures, pro-
gram modules or other data in a modulated data signal such as
a carrier wave or other transport mechanism and includes any
information delivery media.

Processor 22 1s further coupled via bus 12 to a display 24,
such as a Liquid Crystal Display (“LCD”), for displaying
information to a user. A keyboard 26 and a cursor control
device 28, such as a computer mouse, 1s further coupled to bus
12 to enable a user to interface with system 10.

In one embodiment, memory 14 stores software modules
that provide functionality when executed by processor 22.
The modules include an operating system 15 that provides
operating system functionality for system 10. The modules
turther include a product configurator 16 that performs inter-
active product configuration as disclosed in more detail
below. The modules further include other enterprise resource
planning (“ERP””) modules 18 of an ERP system that may
interact with product configurator 16, such as a bill of mate-
rial (“BOM”) module and a customer relationship manager
(“CRM”) module. An ERP system 1s a computer system that
integrates several data sources and processes of an organiza-
tion 1nto a unified system. A typical ERP system uses multiple
components of computer software and hardware to achieve
the integration. A unified ERP database 17, coupled to bus 12,
1s used to store data for the various system modules. In one
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embodiment, ERP modules 18 are part of the “Oracle E-Busi-
ness Suite Release 12”7 ERP system from Oracle Corp. In
other embodiments, product configurator 16 may be a stand-
alone system and not integrated with an ERP system, or may
be part of any other integrated system.

In one embodiment, product configurator 16 allows a user
to iteractively configure a product or service by choosing
options. Product configurator 16 1n one embodiment 1s con-
straint based 1n that 1t solves a constraint problem to arrive at
a solution (1.e., an appropriate and valid configuration). A
constraint problem 1s a problem with a given set of variables,
a given set of values or range of values (referred to as a
“domain”) for each varniable, and a given set of constraints.
Each constraint restricts the values, from the set of values, that
may be simultaneously assigned to each variable of the set of
variables. The solution 1s a combination of assignments of
values to each variable that 1s consistent with all constraints.

A configuration “model” 1s created 1n order to implement a
configurator. A model represents a generic framework of a
solution, or of many possible solutions, to a problem, and
includes a classification of associated model entities. The
model entities are referred to as “nodes” and represent the
domains of the constraint based system. A model may repre-
sent an apparatus, such as an automobile, with various option
packages; a system such as a telecommunications network,
with various hardware, software, protocol and service
options; a suite ol available services; a suite ol software
applications, etc. A constraint network 1s a set ol nodes linked
by constraints.

When a model 1s created and executed by product configu-
rator 16, a user can interact with the model. The interaction in
general mvolves the user being presented with a series of
choices or 1tems. Each 1tem 1s represented by a variable in the
underlying constraint system. Each variable has a domain,
which 1s a range or set of possible values (e.g., integers
between 0 and 10, the set of blue, red or green, etc.). As
choices are made by the user, the domain may shrink. For
example, 11 the configurator 1s for a car, the user may choose
a sedan instead of a convertible. However, 1in the next choice,
which 1s the color of the car, red may no longer be available
because a sedan cannot be configured 1n red. IT a user back-
tracks and decides not to choose a sedan, the color red should
be restored as one of the color choices. In prior art configu-
rator systems, a restart 1s typically required to restore the
color red. In contrast, 1n one embodiment, the change of
domains 1s efficiently tracked and stored so changes as a
result of backtracking or other reasons can easily be undone.

FIG. 2 1s a tlow diagram of the functionality of product
configurator 16 when a user makes a choice when interacting
with a configurator model 1n accordance with one embodi-
ment. In one embodiment, a user choice 1s any representation
of an action by the user in the configurator user interface
(“UI”). Examples of a user choice include clicking a check-
box, entering a number 1n a box, choosing a number or choice
within a drop down box, etc. The user choices are added and
managed 1n a manner that allows for efficient backtracking,
and/or negation. In one embodiment, the functionality of the
flow diagram of FIG. 2, and FIGS. 5 and 9 below, 1s imple-
mented by software stored in memory or other computer
readable or tangible medium, and executed by a processor. In
other embodiments, the functionality may be performed by
hardware (e.g., through the use of an application specific
integrated circuit (“ASIC”), a programmable gate array
(“PGA”), a field programmable gate array (“FPGA™), etc.), or
any combination of hardware and software.

At 202, the user choice 1s received and stored. The user
choice can be stored using any type of internal representation
of the choice and 1n one embodiment 1s stored 1n memory 14.
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The user choice at 202 may cause one or more associated
outward constraints in the constraint network to be afiected
(1.e., due to the propagation of the user choice throughout the
constraint network), which may modify the associated node
for each constraint.

At 204, the first/next outward constraint affected by the
user choice at 202 1s evaluated.

At 206, 1t 1s determined 11 the node for the constraint has
changed. If so, at 208 the previous state for the node 1s stored
and associated with the added user choice at 202.

At 210, 1f the node for the constraint has not changed, or
after storing the previous state at 208, 1t 1s determined 11 there
are additional constraints to evaluate from the user choice. If
there are, the flow returns to 204. In this manner, the propa-
gation of the entire constraint network as a result of the user
choice 202 1s evaluated and the previous state of any nodes
that have changed in response to the user choice 1s saved.

When the functionality of FIG. 2 1s complete, for eachnode
alfected by propagation 1n the constraint network, the prior
domain state 1s recorded and 1s associated with the current
choice. In one embodiment, the functionality of FIG. 2 1s
executed for every new user choice and for all other decisions,
including default decisions, auto-completion decisions, and
any other decisions made by the user or by product configu-
rator 16 without direct input from the user.

FIG. 3 illustrates the functionality of FIG. 2 when a user
choice 1s recetved 1n accordance with one embodiment. As
shown 1n the example of FIG. 3, a user has made a choice A,
followed by choice B, followed by choice C. Each choice
contains a set of atfected nodes 1n the constraint network. For
choice B, the affected nodes are shown 1n box 300. As shown,
one of the atfl

ected nodes for choice B, node X, has a prior
state of a numerical range of 3-7. This prior state 1s what 1s
recorded at 208 of FIG. 2. Because for each user choice the
prior state of each affected node is stored, embodiments of the
present mvention can efficiently remove prior user choices
(1.e., backtracking by the user) or any other types of choices
without requiring a restart of the system.

A complete configuration solution 1s one 1n which a valid
selection has been made for each possible choice within the
product structure and that reduces the domain of each variable
in the constraint network to a single value. For complex
product offerings, the end user may need to make many
choices to reach a valid and complete state. Additionally, the
end user may not have the necessary domain expertise to
properly specily all choices, or may have no preferences with
regard to many of the choices. Some known constraint based
configurators provide a method for automated selection (re-
terred to as “auto-completion™), which uses heuristic search
to make automated choices on behalf of the end user to reach
a valid and complete configuration state and to go from a
partial solution to a complete solution.

During auto-completion, arbitrary choices are made by the
configurator. However, in some instances the automated
selections may not be satisfactory to the end user. When this
happens, a configurator should allow the user to specity alter-
nate choices. However, a fully completed configuration can-
not be readily changed, as the completion process has elimi-
nated the alternate possible choices from the configuration. In
that state, every attempt to change the configuration produces
a contlict which the user must resolve.

One way to avoid these contlicts 1s simply to undo the
auto-completion, (1.e., remove all the automatic selections).
However, this essentially forces the user to start over, and
assumes that the user disliked all of the automatic selections
when the user may only want to modily a few of the auto
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selections. One embodiment of the present invention provides
the user a way to incrementally modity the auto-completed
configuration, without producing undesired conflicts and
while maintaining as much context as possible.

In one embodiment, product configurator 16 distinguishes
configuration components and selections 1nto two categories:
(1) “configuration-defining elements™ that define the result-
ing configuration; and (2) “non-configuration-defining ele-
ments” that merely support the configuration process. Con-
figuration-defining elements/selections are elements that
would typically appear on a product order document or prod-
uct specification as part of the description of the configura-
tion, including orderable items or options and their attributes.
Non-configuration-defining elements/selections are elements
that would not typically appear on the order document, and
may include such elements as questions and answers for a
customer needs assessment, or values introduced by the con-
figuration modeler to represent intermediate results of com-
putations. Arbitrary automatic selections of non-configura-
tion-defining elements are generally not a direct concern of
the user and can be removed by the configurator without
significantly impacting any user choices.

For example, 11 the product 1s a computer system, 1t may
include three configuration defining elements (the values are
in brackets and the types of variables are 1n parenthesis): (1)
Hard drives [ 100G, 300G, 500G] (integer variable); (2) Moni-
tor [20 inch, 24 inch, 30 inch| (integer variable); (3) CPU
[3.73 GHz Dual Core, 2.2 GHz Quad Core] (Set variable).
The computer system may also include a non-configuration
defining element of: Is gaming system? (Boolean variable),
which asks the question of whether the computer will be a
gaming system or not.

In one embodiment, product configurator 16 operates in
one of three states: (1) Regular configuration session; (2)
Auto-complete configuration; and (3) Solution adjustment
mode. FIG. 4 1s a state diagram 400 that 1llustrates the three
states of operation for product configurator 16 1n one embodi-
ment. The regular configuration session 1s a session where the
user 1s making choices/selections/decisions by interacting,
with the configurator. During the regular configuration ses-
s10n, not all components may have a value assigned yet, and
there 1s no retained auto-completion. Only user choices are
retained. The auto-complete configuration 1s entered through
the regular configuration session. In the auto-complete con-
figuration, auto-completion 1s executed so that all compo-
nents in the configuration have a value. The solution adjust-
ment mode 1s entered from the auto-complete configuration
and 1s used to modily the results of the auto-completion.
Solution adjustment mode allows a user to adjust the configu-
ration after auto-completion if the result 1s not entirely satis-
factory. When exiting solution adjustment mode, not all com-
ponents may have assigned a value, and auto-completed
decisions/selections may not be retained while user decisions
may be retained.

In one embodiment, 1n solution adjustment mode, system
10 retains the auto-completed selections of configuration-
defining elements, but retracts any auto-completed selections
ol non-configuration-defining elements, 1f necessary. This
reduces the likelihood of undesired contlicts. FIG. 5 1s a tlow
diagram of the functionality of product configurator 16 when
it retracts only non-configuration-defining elements 1n solu-
tion adjustment mode 1n accordance with one embodiment.

At 502, the next auto-completed selection from the list of
auto-completed selections (1.e., all selections/choices made
during auto-completion) 1s retrieved.

At 504, 1t 1s determined 11 the auto-completed selection is a
selection of a configuration-defining element. I1 yes, at 506,
the selection 1s saved as a retained auto-completed selection.
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Functionality resumes at 508. If no at 504, at 508 1t 1s deter-
mined 1f additional auto-completed selections are available.
If yes, functionality resumes at 502. If no at 508, functionality
resumes at 512.

At 312, product configurator 16 reverts back from auto-
complete configuration by retracting all of the selections/
choices made during auto-completion. When a selection 1s
retracted at 512, the state of all affected nodes of the network
before that selection was applied 1s restored. The prior
domain state was previously stored when the auto-completed
selection was asserted and the functionality of FIG. 2 was
executed.

At 514, the retained auto-completed selections at 506 are
reasserted.

FIG. 6 1llustrates an example of the functionality of product
configurator 16 when 1t retracts only non-configuration-de-
fining elements 1n solution adjustment mode 1n accordance
with one embodiment.

During the regular configuration session 602, the end user
asserts three user decisions (1.e., UD1, UD2, and UD3). The
end user then moves forward to auto-completion mode 604
and product configurator 16 automatically selects a value for
all remaining components 1n the configuration while respect-
ing all the constraints (1.e., auto selections AS1, AS2, and
AS3). The end user then decides to adjust the configuration by
entering solution adjustment mode 606. Assuming that only
AS2 i1s a selection of a configuration-defining element, only
AS2 1s retained (1.e., retained auto selection RAS2) and both
AS1 and AS3 are retracted 1n the solution adjustment mode.

In one embodiment, 1n solution adjustment mode, system
10 distinguishes conflicts from auto-completion selections of
configuration-defining elements with conflicts from user
decisions. For example, if a conflict 1s detected while the user
1s making a new user choice, a list of the contlicting choices
will be presented to the user via a user interface. The list of
conilicts may include previous choices that were made by the
user and retained automatic selections of configuration-de-
fining elements. The user may then decide whether to proceed
with their new choice at the expense of the presented list of
conilicted choices, or forfeit the new choice. A user typically
teels more strongly about retaining prior user choices 1n con-
trast to decisions that were automatically selected without
direct user interaction. Therefore, 1n one embodiment, system

10 distinguishes to the end user between actual user decisions
and the retained automatic selections. FIG. 7 1s a UI 700 1n
accordance with one embodiment that presents contlicts to
the user and distinguishes between retained automatic selec-
tions and actual user decisions. The description of the contlict
1s provided 1n box 702. The list of user decisions/choices 1s
provided 1 box 704, and the list of retained auto-complete
selections are provided in box 706. In other embodiments,
user decisions and retained auto-complete selections may be
distinguished by an 1con or symbol or any other means.

In one embodiment, 1n the solution adjustment mode, prod-
uct configurator 16 ensures that the user’s decisions to modily
the configuration are given higher precedence than the
retained automatic selections of configuration-defining ele-
ments. Therefore, a changed decision has a higher precedence
than all arbitrary automatic decisions. The precedence per-
tains both to modifications that contlict with other retained
automatic selections and to those that do not. In order to
maintain this precedence, in one embodiment product con-
figurator 16 retracts the automatic selections prior to each
user decision, and reasserts them afterward as far as possible
without generating a conflict. The efficiency of this retraction
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process 1n one embodiment ensures that the repetitive retrac-
tion does not negatively impact performance.

In one embodiment, system 10 maintains a queue of deci-
sions. FIG. 8 1s a block diagram of a queue 800 1n accordance
with one embodiment. Queue 800 stores two ditlerent types

of decisions: (a) User Decisions (“UD”s) and (b) Retained

auto-selections (“RAS™) (i.e., the retained automatic selec-
tions of configuration-defining elements). All UDs are placed
in queue 800 betfore all RASs. The order guarantees the pre-
cedence among the requests—the higher the request 1s 1n the
master queue, the higher its precedence. Any newly intro-
duced selection will be mserted immediately after all the

previously existing ones of the same type. For example, it
there 1s a new UDS, 1t will be 1nserted after UD4 and betfore

RASI1 1n the request queue.

FIG. 9 1s flow diagram of the functionality of product
configurator 16 when 1t retracts and reasserts retained auto-
selections 1n accordance with one embodiment. At 902, a new
selection/decision 1s recerved. At 904, 1t 1s determined 1f the
decision 1s a user decision or a retained auto-selection deci-
sion. If the decision 1s a RAS at 904, at 906 the decision 1s
inserted at the end of queue 800 of FIG. 8.

If the decision 1s a user decision at 904, at 908, the RASs,

if any, areretracted. When retracting each RAS, the state of all
alfected nodes of the network before that selection was
applied 1s restored. The prior domain state was previously
stored when the RAS was asserted and the functionality of
FI1G. 2 was executed. At 910, the user decision received 1s
iserted in queue 800 after all existing user decisions, but
before any RASs. At 912, as many pre-existing RASs as
possible are reasserted. An RAS 1s not reasserted 11 1t results
in a conflict. In one embodiment, an RAS that 1s not reasserted
at 912 1s stored 1n a list of all non-reasserted RASs. The list
may be shown to the user.
In one embodiment, at any point while in the solution
adjust mode, the user may exit the solution adjustment mode
and again perform auto-completion. When exiting the solu-
tion adjustment mode, all retained automatic selections of
configuration-defining elements are retracted, but any modi-
fication made while 1n solution adjustment mode are retained.
The user’s original selections, any modifications made while
in solution adjustment mode, and any remaining automatic
selection of configuration-defining elements are considered
existing selections and will be part of the resulting complete
configuration.

FI1G. 10 1llustrates an example of the Tunctionality of prod-
uct configurator 16 when entering and exiting the solution
adjustment mode 1n accordance with one embodiment. In a
regular configuration session 1002, the end user asserts three
user decisions: UD1, UD2, and UD3. The end user moves
forward to auto-completion 1004 where system 10 automati-
cally selects a value for all the remaining components 1n the
configuration (1.e., automatic selections AS1, AS2, and AS3).
The user proceeds to the solution adjustment mode 1006. In
this example, only AS2 1s for a configuration-defining ele-
ment, so only AS2 is retained (1.e., retained automatic selec-
tion RAS2) and AS1 and AS3 are both retracted. The user
continues 1teracting with product configurator 16 while 1n
solution adjustment mode by adding UD4 and UDS3 at 1008.
The user then decides to exit the solution adjustment mode
1010 by undoing the auto-completion, which causes all the
retained automatic selections to be retracted (1.e., RAS2 1s
retracted).

As disclosed, embodiments of the product configurator
allow a user to modily a configuration after auto-completion
without eliminating all of the auto-completion selections and
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forcing the user to start over. The retained auto-completion
selections avoid unnecessary abrupt changes to the configu-
ration.

Several embodiments are specifically illustrated and/or
described herein. However, 1t will be appreciated that modi-
fications and variations of the disclosed embodiments are
covered by the above teachings and within the purview of the
appended claims without departing from the spirit and
intended scope of the invention.

What 1s claimed 1s:

1. A computer-implemented method of operating a product
configurator that comprises a constraint based network that
comprises a plurality of nodes, the method comprising:

recerving one or more user selections from a user during a

conflguration session;

generating one or more automatic selections during the

conflguration session to form a complete configuration
when combined with the user selections, wherein the
automatic selections are generated by a computer and
wherein the automatic selections comprise configura-
tion-defimng selections that define the complete con-
figuration, and non-configuration defining selections
that support the configuration session;

wherein for at least one of the automatic selections, the at

least one automatic selection 1s propagated throughout
the constraint network and the propagation affects one or
more constraints;

saving a prior state of achanged node, wherein the changed

node corresponds to an aflected constraint;

associating the saved prior state with the at least one auto-

matic selection;

recerving a request from the user to change the configura-

tion after forming the complete configuration;

in response to the change request, entering a solution

adjustment mode comprising:

for each of the automatic selections, determining by the
computer 11 the automatic selection 1s a first configu-
ration-defining selection, or a first non-configuration
defining selection;

retaining by the computer the determined configuration-
defining selections; and

retracting by the computer the determined non-configu-
ration defining selections, wherein the retracting
comprises restoring a prior state of all nodes that were
affected by each non-configuration defining selection
when each non-configuration defining selection was
asserted.

2. The method of claim 1, wherein the method further
COmprises:

recerving a first selection;

determining one or more first affected nodes of the plural-

ity of nodes that are atfected by the first selection; and
for each first affected node, storing a first prior domain
state of the node and associating the stored first prior
domain state with the first selection.

3. The method of claim 2, wherein the first selection 1s a
user selection.

4. The method of claim 2, wherein the first selection 1s an
automatic selection.

5. The method of claim 2, wherein the first selection 1s an
automatic selection and the retracting comprises restoring the
stored prior first domain state for each affected node.

6. The method of claim 1, further comprising;

forming a queue of the user selections and the retained

automatic selections, wherein the user selections have a
higher priority than the retained automatic selections.
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7. The method of claim 6, further comprising:
receiving a new selection;
determining 11 the new selection 1s a new user selection;

if the selection 1s a new user selection, retracting all of the

retained automatic selections in the queue;

inserting the new user selection after the existing user

selections 1n the queue;

reasserting as many of the retracted automatic selections as

possible.

8. The method of claim 1, further comprising;

receiving a new user selection;

detecting a conflict 1n response to the new user selection;

displaying on a user interface a list of contlicts, wherein the

displaying distinguishes between user selections and
reasserted automatic selections.

9. The method of claam 1, wherein the constraint based
network comprises a plurality of variables and a plurality of
constraints, and the complete configuration 1s formed when
there 1s an assignment of a value to each of the variables that
1s consistent with the constraints.

10. A non-transitory computer readable medium having
instructions stored thereon that, when executed by a proces-
sor, causes the processor to function as a constraint based
product configurator comprising:

receiving one or more user selections from a user during a

conflguration session;

generating one or more automatic selections during the

conflguration session to form a complete configuration
when combined with the user selections, wherein the
automatic selections comprise configuration-defining
selections that define the complete configuration, and
non-configuration defining selections that support the
conflguration session;

wherein for at least one of the automatic selections, the at

least one automatic selection 1s propagated throughout
the constraint network and the propagation affects one or
more constraints;

saving a prior state of a changed node, wherein the changed

node corresponds to an affected constraint;

associating the saved prior state with the at least one auto-

matic selection;

receiving a request from the user to change the configura-

tion after forming the complete configuration;
in response to the change request, entering a solution
adjustment mode comprising:
for each of the automatic selections, determining 11 the
automatic selection 1s a first configuration-defining,
selection, or a first non-configuration defining selec-
tion; retaining the determined configuration-defining
selections; and
retracting the determined non-configuration defining
selections, wherein the retracting comprises restoring a
prior state of all nodes that were atlected by each non-
configuration defining selection when each non-con-
figuration defining selection was asserted.
11. The non-transitory computer readable medium of claim
10, further comprising;:
receiving a lirst selection;
determining one or more first affected nodes of the plural-
ity ol nodes that are affected by the first selection; and

for each first atfected node, storing a first prior domain state
of the node and associating the stored first prior domain
state with the first selection.

12. The non-transitory computer readable medium of claim
10, further comprising:

receiving a new user selection;

detecting a contlict in response to the new user selection;
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displaying on a user intertace a list of contlicts, wherein the
displaying distinguishes between user selections and
retained automatic selections.

13. A constraint based product configurator comprising;:

a processor; and

a computer-readable medium coupled to the processor
storing 1nstructions that, when executed by the proces-
sor, cause the processor to:

recerve one or more user selections from a user during a

configuration session;

generate one or more automatic selections during the con-

figuration session to form a complete configuration
when combined with the user selections, wherein the
automatic selections comprise configuration-defining
selections that define the complete configuration, and
non-configuration defining selections that support the
confliguration session;

wherein for at least one of the automatic selections, the at

least one automatic selection 1s propagated throughout
the constraint network and the propagation affects one or
more constraints;

save a prior state of a changed node, wherein the changed

node corresponds to an aflected constraint;

associate the saved prior state with the at least one auto-

matic selection;

recerve a request from the user to change the configuration

after forming the complete configuration;

in response to the change request, enter a solution adjust-

ment mode comprising:

for each of the automatic selections, determine if the
automatic selection 1s a first configuration-defining,
selection, or a first non-configuration defining selec-
tion;

retain the determined configuration-defining selections;
and

retract the determined non-configuration defining selec-
tions, wherein the retracting comprises restoring a
prior state of all nodes that were affected by each
non-configuration defining selection when each non-
configuration defining selection was asserted.

14. The non-transitory computer readable medium of claim
10, wherein the configurator comprises a plurality of vari-
ables and a plurality of constraints, and the complete configu-
ration 1s formed when there 1s an assignment of a value to each
of the variables that 1s consistent with the constraints.

15. The non-transitory computer readable medium of claim
11, wherein the first selection 1s an automatic selection.

16. The non-transitory computer readable medium of claim
11, wherein the first selection 1s an automatic selection and
the retracting comprises restoring the stored prior first
domain state for each atfected node.

17. The non-transitory computer readable medium of claim
10, further comprising;:

forming a queue of the user selections and the retained

automatic selections, wherein the user selections have a
higher priority than the retained automatic selections.

18. The non-transitory computer readable medium of claim
17, further comprising;:

receving a new selection;

determining 1f the new selection 1s a new user selection;

11 the selection 1s a new user selection, retracting all of the

retained automatic selections 1n the queue;

inserting the new user selection after the existing user

selections in the queue;

reasserting as many of the retracted automatic selections as

possible.
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